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Many hibernating bats in temperate North America spend 
winter below ground in caves or mines (Barbour and Da-
vis 1969). Exceptions include the Big Brown Bat (Eptesi-
cus fuscus), which also commonly uses buildings in winter 
(Perkins et al. 1990, Whitaker and Gummer 1992, Na-
gorsen et al. 1993), and occasional observations of hiber-
nating bats found in storm sewers (e.g., Goering 1954), 
dams (e.g., Kurta and Teramino 1994), abandoned rail-
road tunnels (e.g., Johnson and Gates 2008) and wells 
(e.g., Griffin 1945). In areas without caves or mines, Grif-
fin (1945) speculated that temperate bats use deep crev-
ices in rocks for hibernation. However, in the 70 years 
since this paper, few studies have explored this possi-
bility. Bogan et al. (2003) speculated on the likely use of 
cracks for hibernation by crevice-roosting bats, but noted 
the difficulty in finding these hibernacula. Recently, re-
searchers documented Big Brown Bats using rock crev-
ices during winter in Canada (Lausen and Barclay 2006) 
and during autumn in the United States (Neubaum et al. 
2006). Also, Moosman et al. (2015) recently found East-
ern Small-footed Myotis (Myotis leibii) using crevices in 
talus slopes from early March to late October and specu-
lated that those bats hibernate in crevices during winter. 
These new findings raise the question, are we looking in 
all the right places for hibernating bats? 
Current thinking holds that the Northern Long-eared 
Myotis (Myotis septentrionalis) uses caves and mines for 
hibernation and migrates short distances to reach these 
hibernacula. There is good evidence that some M. sep-
tentrionalis use caves and mines for hibernation (Caceres 
and Barclay 2000), but reports of distance of movements 
from summer to wintering grounds for this species are 
few (Caire et al. 1979, White et al. in review). However, if 
we accept that M. septentrionalis is both an obligate cave or 
mine hibernator and a short-distance migrator, then there 
is a problem in Nebraska. Mines are rare and localized 
(White et al. 2016), and the distribution of M. septentrio-
nalis extends far beyond known mining sites. Therefore, 
it seems that in some areas of the state either M. septentri-
onalis is willing to migrate 100’s of kilometers to reach a 
suitable mine, or it uses other types of hibernacula.
We hypothesize that M. septentrionalis hibernates 
in deep crevices in rock faces in addition to caves and 
mines. This species is known to use cracks within caves 
and mines (Caire et al. 1979, Whitaker and Rissler 1992) 
therefore perhaps they use cracks in rock outcrops that 
are sufficiently deep to have a microclimate that allows 
survival through the winter. Rocky outcrops are far more 
widely distributed in the state than mines and caves. In-
deed the distribution of M. septentrionalis in Nebraska has 
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Abstract
The Northern Long-eared Myotis (Myotis septentrionalis) is known to hibernate in mines and caves, often using cracks within these 
hibernacula as roost sites. We hypothesized that M. septentrionalis might use deep cracks in rock outcrops for hibernation as well. 
To test this hypothesis, we placed acoustical bat detectors near rock outcrops away from any known mines or caves during winter 
in Nebraska. We documented calls of M. septentrionalis as well as Perimyotis subflavus and Eptesicus fuscus in December near rock 
outcrops, which suggests that individuals of all three species were hibernating in rock crevices in winter. Of the 34 sites we moni-
tored, we identified the calls of M. septentrionalis at two sites (about 250 km apart). The dominant rocks at both sites were limestone 
and shale with large, deep cracks. Given the recent listing of this species as threatened by the US Fish and Wildlife Service, it is im-
portant to understand the possible role of cracks in rock outcrops as alternative hibernacula.
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a rough correlation with rock outcrops (Figure 1). Along 
the Republican, Little Blue, Big Blue, Missouri, and Niobr-
ara Rivers, rock outcrops are present and M. septentrionalis 
is found along these rivers. The absence of this species on 
most of the Platte, Loup, and Elkhorn Rivers is consistent 
with the lack of rock outcrops in these areas (Figure 1).
To test this hypothesis we needed evidence that cracks 
were being used by M. septentrionalis in winter. In east-
ern Nebraska, M. septentrionalis is known to move from 
summering grounds to sites of hibernation (mines in 
southeastern Nebraska) by early November (White et 
al. in review), and some individuals return to summer 
sites in March (Geluso et al. 2004, Whitaker and Rissler 
1992, our own observations in Nebraska). Therefore, the 
presence of M. septentrionalis at a site in December, Janu-
ary, or February can be taken as evidence the site is used 
for hibernation. Also, Lemen et al. (2016) documented 
(through use of acoustical detectors) that M. septentriona-
lis emerged from a mine on mild nights throughout the 
winter in Nebraska. Therefore, we set up acoustic detec-
tors at rocky sites away from any known mines or caves 
in winter (December-March) to test for the presence of 
M. septentrionalis. 
In the winter of 2015-16 we deployed acoustic detec-
tors (SM2Bat+ with SMX-U1 microphones and SM4BAT 
FS with SMM-U1 microphones, Wildlife Acoustics) at 
34 sites in 9 different localities with exposed rock in Ne-
braska (Fig. 2). Microphones were placed within 10 m of 
rocky outcrops. Microphones were affixed to poles and 
were about 2-3 m above the surface of the ground with 
the microphone pointed towards the rocky outcrop. Bat 
call sequences were recorded as full-spectrum in WAC0 
(lossless compression) format and later converted to wav 
format using Kaleidoscope Pro software (Wildlife Acous-
tics). Bat passes (i.e., a sequence of bat calls) were sepa-
rated into files with a maximum duration of 7 seconds. 
Recordings were only made on nights with temperatures 
at sunset above freezing (Lemen et al. 2016) and detectors 
Figure 1. Presence (black circles) or absence (blue circles) of the Northern Long-eared Myotis (Myotis septentrionalis) based on 
an acoustical survey (White et al. 2016). Areas where bedrock reaches the surface are shaded in gray and based on the following 
maps (Burchett et al. 1972, 1975, and 1988, Dreeszen et al. 1973, Eversoll et al. 1988, Souders 2000). Forests (based on 2005 Ne-
braska land use map; CALMIT, University of Nebraska Lincoln) are shown in red. Some of the major river drainages are labeled.
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were only left out one or two nights at each site. We used 
a two-step process to identify call sequences. First, Kalei-
doscope Pro (Bats of North America 3.0.0) was used to 
automatically identify call sequences (using the interme-
diate setting for accuracy/sensitivity). Second, all identi-
fications of M. septentrionalis, Eptesicus fuscus and Perimy-
otis subflavus were verified by visual inspection based on 
methods described in White et al. (2016).
We identified the calls of M. septentrionalis at two of 
our sites (Fig. 2). Rock faces at both sites are dominated 
by Greenhorn limestone and Graneros shale of the late 
Cretaceous and are deeply cracked. At Ponca State Park 
there is a vertical rock face about 10 m in height. At Lit-
tle Blue River the rock face is about 2.5 m high. Both of 
these recordings were made in December (7 December at 
Ponca and 21 December at Little Blue River), which sug-
gests M. septentrionalis was hibernating in the rock faces 
(on the basis of timing of fall migration from summer-
ing grounds in eastern Nebraska; White et al. in review). 
In addition to M. septentrionalis, we recorded P. subflavus 
at the same two sites, plus an adjacent site at Ponca State 
Park. We identified the calls of E. fuscus at 22 of 34 sites. 
The acoustical recordings indicated all activity of M. sep-
tentrionalis was within 2.5 hours of darkness (sunset + 30 
minutes). This same activity pattern held true for both E. 
fuscus and P. subflavus as well. 
Eptesicus fuscus is known to use rock crevices as hiber-
nacula (Lausen and Barclay 2006), so detection of this spe-
cies flying around rocky outcrops in Nebraska in winter 
was not surprising. However, this is the first evidence that 
P. subflavus and M. septentrionalis might use rock crevices 
in winter. While we consider the use of rock crevices as 
the most likely explanation for our data, there are other 
possible explanations. First it is possible that the bats were 
using human structures in the area and not rock crevices. 
If M. septentrionalis in Nebraska is routinely using human 
structures for hibernation it would obviously greatly ex-
pand the number of available hibernacula. At one site 
where we detected M. septentrionalis there was a house 
only 200 m away. However, at the other site the nearest 
Figure 2. Presence (solid circles) or absence (open circles) of the Northern Long-eared Myotis (Myotis septentrionalis) from an 
acoustical survey of rock outcrops from December 2015 to March 2016. Areas where bedrock reaches the surface are shaded in 
grey and based on sources listed in Fig 1.
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building was 1800 m away. The greater distance of the 
second site suggests to us that it is unlikely that the bats 
were coming from that house. A second possibility is that 
the bats are using sites in the surrounding forest for hiber-
nacula. Higgens et al. (2000) noted that “some (M. septen-
trionalis) spend the winter under loose tree bark” in South 
Dakota. However it is not clear what evidence this state-
ment is based on or how bats could survive the tempera-
tures of a South Dakota winter in tree roosts. 
At this point we have no idea of the ratio of bats in 
Nebraska that overwinter in rock faces versus those that 
move to mines, so it is premature to assume that rock 
faces play a key role in the survival of these species in this 
area. But, at least some individuals of these three species 
appear to use rock crevices as sites of hibernation, and 
we advocate for more research on this important topic. 
Bedrock is not omnipresent in Nebraska (Figs. 1 and 
2). And even in places where bedrock is found at the sur-
face, the rocks vary considerably in their nature. In some 
areas there are tall cliffs that are formed naturally, for ex-
ample along the Missouri River in northeastern Nebraska. 
In other areas quarrying has exposed large rock faces and 
sheer cliffs can be found. Much of the rock found along 
the Niobrara River, locally known as cap rock, is a soft, 
relatively unconsolidated rock that seems to produce 
fewer cracks. That said, there are many miles of these 
rock faces and there may be the occasional deep crack that 
offers a hibernaculum. In other areas with highly erod-
ible rocks, the outcrops typically assume the same gentle 
slope as the hillside. The suitability of such sites as hiber-
nacula is not known but looks doubtful to our eyes. Often 
the larger rock faces in such areas are found along road 
cuts where erosion has not had time to modify the newly 
exposed rock face. A general problem with finding rocky 
outcrops that harbor bats is that these rock faces are so 
widespread, even in Nebraska, that there is little to con-
centrate the bats in one area and make them easier to find. 
We see no reason why the use of rock crevices by M. 
septentrionalis in winter would be limited to eastern Ne-
braska. Thus, we suggest bat biologists search for hiber-
nacula of M. septentrionalis, as well as other species of bats, 
in rock outcrops throughout their ranges. As mentioned 
above, rocky areas might be so common that finding 
specific crevices bats use in winter could be challenging. 
However, as many species of bats emerge from hiber-
nacula on winter nights with mild temperatures (e.g., 
Whitaker and Rissler 1992, Lausen and Barclay 2006, Le-
men et al. 2016), a first step would be to place bat detec-
tors near rock outcrops on mild winter nights. After bat 
calls are detected, other techniques, such as radioteleme-
try (Lausen and Barclay 2006) or a thermal imaging cam-
era, could be used to identify cracks that bats are using 
as hibernacula. Such research on rock faces could pro-
duce new insights into the use of cracks as hibernacula, 
but we would also encourage researchers to investigate 
other sites such as human structures, storm sewers, cul-
verts, etc. as potential hibernacula for M. septentrionalis.
The use of rock faces as hibernacula by M. septentriona-
lis raises several interesting issues for the conservation of 
this bat. It could mean that intermediate to long distance 
migration is not typical in this species, which is consistent 
with short migratory distances reported in the literature 
(Caire et al. 1979, White et al. in review). If M. septentrio-
nalis does not routinely travel 100’s of kilometers during 
migration, then this could help explain why this species is 
one that is rarely killed at wind turbine facilities (Johnson 
2005). The role of mines and caves as the obligate sites for 
hibernation of M. septentrionalis would also be challenged. 
Finally, the microclimate in these rock crevices might be 
different from that in caves and mines and could have 
consequences for the spread and impact of WNS on this 
species and others (Langwig et al. 2012). Also, if the use of 
rock crevices in winter is widespread in M. septentrionalis, 
and individuals are more dispersed among a larger num-
ber of hibernacula than previously thought, this species 
might fare better against WNS than predicted (Langwig 
et al. 2012, Frick et al. 2015). Moreover, with the spread 
of white-nose syndrome to Washington (white-nosesyn-
drome.org 2016), there is an immediate need to under-
stand where western species of hibernating bats roost in 
winter. Few caves and mines are known to have large 
numbers of hibernating bats in western North America 
(e.g., Perkins et al. 1990, Nagorsen et al. 1993, Hendricks 
2012). It is possible that some western species utilize rock 
crevices instead of caves and mines in winter, but cur-
rently this is unknown (Bogan et al. 2003). We agree with 
Weller et al. (2009) that bat research in the 21st century 
needs to be broadened and we hope this manuscript will 
spark an effort to address this gap in our understanding 
of the natural history hibernating bats. 
Acknowledgments
We are grateful to many individuals for granting access to re-
cording sites for this study. We also thank the Nebraska Game 
and Parks Commission and the U.S. Fish and Wildlife Service 
for funding this research.
Literature Cited
Barbour RW and Davis WH. (1969) Bats of America. The Univer-
sity of Kentucky, Lexington, Kentucky. 
Bogan MA, Cryan PM, Valdez EW, Ellison LE, and O’Shea TJ. 
(2003) Western crevice and cavity-roosting bats. in O’Shea 
MA, and TJ Bogan, (Editors) Monitoring trends in bat popula-
tions of the United States and territories: problems and prospects, 
Cliff A. Lemen, Patricia W. Freeman, and Jeremy A. White
2016 Transactions of the Nebraska Academy of Sciences 36, 9–13   13
pp. 69-77 (U.S. Geological Survey, Biological Resources Dis-
cipline, Information and Technology Report). 
Burchett RR, Reed EC, Dreeszen VH, and Prichard GE. (1975) 
Bedrock geologic map showing thickness of overlying qua-
ternary deposits, Fremont quadrangle and part of the Omaha 
quadrangle, Nebraska. U.S. Geological Survey Miscellaneous In-
vestigations Series Map I-905.
Burchett RR, Dreeszen VH, Souders VL, and Prichard GE. (1988) 
Bedrock geologic map showing configuration of the bedrock 
surface in the Nebraska part of the Sioux City 1° × 2° quad-
rangle. U.S. Geological Survey Miscellaneous Investigations Se-
ries Map I-1879.
Burchett RR, Reed EC, Dreeszen VH, and Prichard GE. (1972) 
Bedrock geologic map showing thickness of overlying Qua-
ternary deposits, Lincoln quadrangle and part of Nebraska 
City quadrangle, Nebraska and Kansas. U.S. Geological Sur-
vey Miscellaneous Investigations Map 1-729.
Caceres MC and Barclay RMR. (2000) Myotis septentrionalis. 
Mammalian Species 634: 1-4.
Caire W, LaVal RK, LaVal ML, and Clawson R. (1979) Notes on 
the ecology of Myotis keenii (Chiroptera, Vespertilionidae) in 
eastern Missouri. American Midland Naturalist 102(2): 404-407.
Dreeszen VH, Reed EC, Burchett R, and Prichard GE. (1973) 
Bedrock geologic map showing thickness of overlying qua-
ternary deposits, Grand Island quadrangle, Nebraska and 
Kansas. U.S. Geological Survey Miscellaneous Investigations Se-
ries Map I-819.
Eversoll DA, Dreeszen VH, Burchett RR, and Prichard GE. 
(1988) Bedrock geologic map showing configuration of the 
bedrock surface, McCook 1° × 2° quadrangle, Nebraska and 
Kansas, and part of Sterling 1° × 2° quadrangle, Nebraska 
and Colorado. U.S. Geological Survey Miscellaneous Investiga-
tions Series Map I-1878.
Frick WF, Puechmaille SJ, Hoyt JR, Nickel BA, Langwig KE, Fos-
ter JT, Barlow KE, Bartonička T, Feller D, Haarsma A, Her-
zog K, Horáček I, van der Kooij J, Mulkens B, Petrov B, Reyn-
olds R, Rodrigues L, Stihler CW, Turner GG, and Kilpatrick 
AM. (2015) Disease alters macroecological patterns of North 
American bats. Global Ecology and Biogeography 24(7): 741-749.
Geluso KN, Benedict RA, and Kock FL. (2004) Seasonal activity 
and reproduction in bats of east-central Nebraska. Transac-
tions of the Nebraska Academy of Sciences 29: 33-44.
Goehring HH. (1954) Pipistrellus subflavus obscurus, Myotis keenii, 
and Eptesicus fuscus hibernating in a storm sewer in central 
Minnesota. Journal of Mammalogy 35: 434-436.
Griffin DR. (1945) Travels of banded cave bats. Journal of Mam-
malogy 26: 15-23.
Higgins K, Stukel ED, Goulet MG, and Backlund DC. Wild Mam-
mals of South Dakota (2002) (South Dakota Dept. of Game, 
Fish & Parks)
Hendricks P. (2012) Winter records of bats in Montana. North-
western Naturalist 93: 154-162. 
Johnson GD. (2005) A review of bat mortality at wind-energy 
developments in the United States. Bat Research News 46(2): 
45-49.
Johnson JB and Gates ML. (2008) Spring migration and roost se-
lection of female Myotis leibii in Maryland. Northeastern Nat-
uralist 15(3): 453-460.
Kurta A and Teramino JA. (1994) A novel hibernaculum and 
noteworthy records of the Indiana bat and eastern pipistrelle 
(Chiroptera: Vespertilionidae). American Midland Naturalist 
132: 410-413.
Langwig KE, Frick WF, Bried JT, Hicks AC, Kunz TH, and Kil-
patrick, AM. (2012) Sociality, density-dependence and micro-
climates determine the persistence of populations suffering 
from a novel fungal disease, white-nose syndrome. Ecology 
Letters 15: 1050–1057.
Lausen CL and Barclay RMR. (2006) Winter bat activity in the 
Canadian prairies. Canadian Journal of Zoology 84: 1079-1086.
Lemen CA, Freeman PW, and White JA. (2016) Winter activity 
of Myotis septentrionalis: Role of temperature in controlling 
emergence from a hibernaculum. Transactions of the Nebraska 
Academy of Sciences 36: 6-8. 
Moosman PR, Warner DP, Hendren RH, and Hosler MJ. (2015) 
Potential for Monitoring Eastern Small-footed Bats on Talus 
Slopes. Northeastern Naturalist 22(1): 1-13.
Nagorsen DW, Bryant AA, Kerridge D, Roberts G, Roberts A, 
and Sarell MJ. (1993) Winter bat records for British Colum-
bia. Northwestern Naturalist 61-66.
Neubaum DJ, O’Shea TJ, and Wilson KR. (2006) Autumn mi-
gration and selection of rock crevices as hibernacula by big 
brown bats in Colorado. Journal of Mammalogy 87: 470-479. 
Perkins JM, Barss JM, and Peterson J. (1990) Winter records of 
bats in Oregon and Washington. Northwestern Naturalist 71: 
59-62.
Souders VL. (2000) Geologic maps and cross sections showing 
configurations of bedrock surfaces, Broken Bow 1° × 2° quad-
rangle, east-central Nebraska. U.S. Geological Survey Miscella-
neous Investigations Series Map I-2725.
Whitaker JO and Gummer SL. (1992) Hibernation of the big 
brown bat, Eptesicus fuscus, in buildings. Journal of Mammal-
ogy 73: 312–316.
Weller TJ, Cryan PM, and O’Shea TJ. (2009). Broadening the fo-
cus of bat conservation and research in the United States for 
the 21st century. Endangered Species Research 8:129-145.
Whitaker JO, and Rissler LJ. (1992) Winter Activity of Bats at a 
Mine Entrance in Vermillion County, Indiana. The American 
Midland Naturalist 127(1): 52-59.
White JA, Lemen CA, and Freeman PW. (2016) Acoustic detec-
tion reveals fine-scale distributions of Myotis lucifugus, My-
otis septentrionalis, and Perimyotis subflavus in eastern Ne-
braska. Western North American Naturalist 76(1): 27-35.
White JA, Freeman PW, Otto HW, Andersen BR, Hootman J, 
and Lemen CA. In review. Autumn migration of Myotis 
septentrionalis in Nebraska: Documentation of a migratory 
flight using radiotelemetry.
White-nosesyndrome.org (2016) Retrieved from the Internet 
September 2016: https://www.whitenosesyndrome.org/
resources/map
